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© Method for vulcanising an elastomeric product 

© A method for vulcanising an elastomeric product 
placed in a vulcanising means includes one step of 
supplying heating medium into the elastomeric prod- 
uct and another step of supply pressurising medium 
into the elastomeric product at a- higher pressure 
than the heating medium, the two steps being per- 
formed one after another at least twice. This method 
can produce an elastomeric product having no bare- 
ness without increasing the vulcanising time; 
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METHOD FOR VULCANISING AN ELASTOMERIC PRODUCT 



This invention relates to a method for vul- 
canising ah elastomeric prbciuct fusing gas^as a| 
pressurising medium. 

in a conventional prod- 
uct* sucK ^asia vtyre for aH^Wcler^^^^jij^ed^by- 
the steps : of placing the ela^omeric product in a 
mould; vyilh a bladder,.^ to c(ose( the mbuid 

feedihgpshi^^ 

bring the elj^bmeric : prddu the 

bladder; supplying ^tefam as a heating;^ 
the " bladder ^erj^e- ^ 

stopping^he s^ : 
peratore bffoa^ to Ja ; pre^ 

deteirniried ^ levelv br^ after 'af?iSpj^f ^appredetefS 
mined; time; supplying cbmbu ; 
; gas as a^pressyrisingVm^ 
to or higher than that of the steami and; discharging 
the mixture of heating medium and the pressuring 
mjkJi|^a1^^ 

such : 'ai'MvQlc^i^tiOnr' pipe^ inlets!^ ^p^yin^^the 
pressurising ->necfiurn;; and the ^.h'e^rig:\ifiediu^are .-. 
opened; ^ K 'iheipfes>^ 
^sunstng m^^ kept 
closed. Also, the 1 ''heating > vmeclium o heat the 
elastomeric product from the inside is only steam. 
The has is utilised purely for pressurisatioh: 

In the case where the elastomeric product is a 
large size tyre, more heat is necessary from the 
inside than for a '.smaller tyre. This is ^because a 
large size^re ; has greateti^hjckness than smaller 
bhe^:Ac^ding|y,l:a ipnga^ heating time is usually 
reqbired^r alaj^^ a smaller one. 

It is" usual x that theljsteam is supplied at a 
pressure of li^td- 15 kg/cm 2 and the gas is sup- 
plied at a pressure of 18"to 28 kg/cnri 2 . Accordingly, 
the pressure of steam is lower than that of the gas. 

In the case of vulcanising a large size tyre 
having a greater or thickness, it lis preferable from 
a viewpoint of the time to change from the heating 
process to the pressurising process at as early a 
stage as possible after starting the heating process. 
This is because of the trouble due to air in rubber 
and bareness which, can occur in the cured tyre. 
However, if the heating time is cut short, the ther- 
mal input given to the tyre will become less arid 
after all the vulcanisation will end up either with a 
long cure time being needed to make up for the 
thermal input shortage or an under cure problem. 

It is an object of the present invention to pro- 
vide a method for vulcanising an elastomeric prod- 
uct which makes it possible to prevent air from 
being trapped in the elastomeric product and/or 
between the mould surface and the elastomeric 
product, or a bareness from occurring, and to cure 



the elastomeric product without prolonging the cure 
$ v?T & • ' time^ J - j >• f < : ' .'/•* • ; 

According; to the present invention, a, method 

for vulcanising an elastomeric ^p^u^/;:p'lac^^n, 
5 vulcanising; mean^rampri^ 

plyirig Heating mediums 

and; another step pf su^plying^ 
; : :.C~: ; ta ;tt?^p!a^ 

than thb^he^gym 
w two ^f^ are^pfejflormed 
;; '•• • •; twicer . ; : : : y. - ;Y. "^C"'^ ■>;•;: 
: "The met^ 

j- prise - supplying : v 
J ela&omeric pi^ 
■ js medium to- theSeja^ 

pressurising 

supplying: the ;rtea^ 

product; and supplying the ..pres^ri^ng -Jmikfiurri^ 
. the elastomeric product^ 
20 In the methods of the present invention, the 

heating process iis performed at least two times, 
and the pressurising prbc^ two 
times or more;- ln ; an early stage of wl«nisatibn, 
^ when the rubber is ;}fluldvpwlng ; /tp^ temperature; rise 
7 25 but if is jnbijulc^^ 

}■:■: V; v w|lK;b tHb^ ■ 

than the heating' medium is; supplied Is ^ifomied.-'-! 

At the stage when; to^ in the 

elastomeric pip^ 
so face; and; toe:^elasfomeric?;pi^ 
n^ed^^i^ris^ 
ihg :b^he^^^ 
/ piwJiict^m^ 

ing from the outsider appearance A^eiblastpmefric 
35 ■ pfodudt th^ 

heating prelum i^ applied 

Accordingly,- the - method;: of -the present inven- 
tion can produce an elastomeric; product having no 
bareness without adding to the cure time. 
40 The above and other objects, features and ad- 

vantages of the present invention will become ap- 
parent from the following detailed description by 
way of example only, with reference to the accom- 
panying drawings in which:- 
45 Fig.i. is a schematic diagram of a vulcanising \ 
apparatus in which the method for vulcanising 
an elastomeric product of the present invention H 
is carried out 

Fig.2. is a diagram showing another discharge ; 
so section of the vulcanising apparatus of Fig. 1. 

Fig. 3. is a graph showing comparatively the 
temperature rises of elastomeric products under 
four different vulcanisations 
Fig.4. is a graph showing pressure changes in 
bladders under the four different vulcanisations 
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Frg.Si is a graph show of 

an .elastpimeric prpdu^ iynder another vuicanis- 

ing method of -the, present invention. 

Rg.6. is a graph showing, a pressure change in 

a bladder under r the another vulcanising method s 

of the present invention apd^ 
. Figg is a gr^ph^ in 

a surface portion of ;an §la$tpmeric product -- : 
The; ^ apparatus 1 includes a ^ vul- 

canising unit 2 and a ^ 10 
Rising . unit = 2 inelu^ 

mould arid/a lowers mould ^ a; bfedder ^rnade 
of rubber. An,eIastomeriC: prpduct-6a is de^ 
the mould^S an^ the bladde^ 

is : the ^ elastonierjc product • to be vulcanised, is 75 

placed in :^e;Ivulcanisi^ 

placed in the vulcanising chamber 6a, t^ 

8 is heated ^d .pressuris^to 

ber. However, it should be m 

shown in Rg.1 is illustrated not. as ; a raw^tyre; bu r 20 
as an already vulcanised ityre or h a ^r^b^ng 
vulcanised. Also, it ^houW noted that the 
present invention ^ a vulcanis- 

ing apparatus without usipg a bladder. ; 

The vulcanising unit 2 has a blovying input ; 25 
opening 9 and jsi discharging opening 1 0 which are 
communic^ed w 
spui^ (not sh^^ 
Tite /piping *s^ 

supply section ;;3a fer .supplying^ 30 
medium to the vulcanising unit 2 and a discharge 
section 3b for discharging the vulcanising medium 
from the vulcanising unit 2: 

r The ^supply section- 3a includes / a preshaping 
fluid supply pipe 11 for suppiyirig a preshaping 35 
medium > such as gas, or steam and a pressurising 
medium supply pipe 12 for supplying; a pressuris- 
ing medium, such as nitrogen gas or combustion 
gas, and a . heating • mediuni, supply pipe 13 for 
supplying a heating medium, such as steam. 4b 

The pressurising medium supply pipe 12 is 
communicated with a main gas pipe 14 by way of 
a first valve VT. The heating medium supply pipe 
13 is corr-tiunicated with a main steam pipe 15 by 
way of a second valve V2. The pressurising me- 45 
dium supply pipe 12 and the heating medium sup- 
ply pipe 13 are communicated with the blowing 
opening 9 by way of a valve 16 and; a flexible pipe 
17. Also, the preshaping medium supply pipe 11 is 
communicated with the blowing opening 9 by way 50 
of the valve 1 6. 

The discharge section 3b includ s a drain dis- 
charge pipe 18. a gas discharge pipe 19, and a 
vacuum pipe 20. the drain discharge pipe 18 is 
communicated with a drain main pip by way of a 55 
third valve V3. the gas discharge pipe 19 is com- 
municated with a discharge gas main pipe 22 by 
way of a fourth valve V4. 



rl The s y^cuum pipe v2p is scbmmu 
vacuum ;maa pipe 23^by^way bf , a fifl^iv4ly« V5. 
The drain discharge . pipp .18 t t the gas dischar^^ 
; pipe 19, and the. rvaeuum^ pipe- 20. are.^ commu- 
nicated with the .discharging opening 1 0 by way of 
a valve 24 and a flexible pipe 25. 
;: ;.^sp^^ Fig^2, Jt Jte, ^ 

:, f neet a g§s^ 
^pipe ;19;tajre^^ 
^presjiaping gasV^ 
VP»P© 27 is^ pjrpyid^d jari^ 

the discharge gas main pipe 22 by way of a^sixth 

■=, valve y6; v :,,:-; >o 0 v. ; - s . '* r ."'..' 

•;■ ' VN^?ct.^ j the yulranising : >m^p 
•.^..invention will be. described which is carried put^with 
the * use of the ; abpye^mentioned^ ap- 
• paratus T. . ^4u-. -Hv ■ > ■ - 

^^ a firs^ s^^ 
c mould 6. Subsequently, the upper mould 4 and the 
Jower mould .5 kre .closed, which mearis/th^. moulds 
are coupled and pressed /against :tech>'ot^erkat' a 
predetermined: ; pressure/^, 7 w the 
preshaping proqess.\ y y:. ; . 

i ; Ne^ 4h^ 

steam as a heating medium the bladder 7 by 
closing the halves 

the secbnd valve : . ...v. U'; :■ ^ \iX'--:;.Js : 
..,\. s ^..The, steam: :js; suppli ed, ^;a v ;pr^iire, of ,14 
kg/cm^ for 2 minutest ; : ;,vs-V;x ; : - . 
1 nus a first' heating process is performed; 
The third step when the surface portion of the 
tyre 8 has a cure rate (ECU) of ^ or. less 

. e.g. after a lapse of 2 minutes after supplying the 
steam, th^ valve. V1 is opened and; the v yalve V? is 
closed so that gas as pressurising medium is sup - 
plied into ; the bladder 7. T he gas is supplied at a 
pressure 20kg/crri 2 for 1 3 ;minutes . Thus a- first 
pressurising process is pert oirned. The bladder 7 
is consequently ^ filled with a mixture of the steam 
and- the gas. ; ,. ■ .. 1 .•• 

Thevfourth step, when air trapped in the tyre or 
between the tyre 8 and the mould 
discharged, or when the ; rubber, fluidity comes to 
an end, is that the mixture is replaced with steam 
(heating medium) by closing the valve VI , and 
opening the valves V2 and V3. the steam blowing 
is performed for, 1 minute . Thereafter, the valve is 
closed and steam is again supplied at a pressure 
of 14 kg/cm 2 for 1 minute to heat the tyre 8 . Thus a 
second heating process is performed. _ ' . 

The fifth step, when the tyre iB is supplied with 
enough heat or thermal input to complete vul- 
canisation, the valvb V2 is closed, and the valve V1 
is opened to supply gas. The gas is supplied at a 
pressure of 20 kg/cm 2 for 28 minutes . Thus a 
second pressurising process is performed. 

The sixth stage is to close valve V1 and open 
valve V4 so that a mixture of steam and the gas, or 
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•a predetemriih'ed '-timev^e'g: " 36Q ;secb'ndi'*' Narhely a 

discharge process is performed:; ' * J \ 
* 1 The next and seveittrrstep is to'close vaivp V4 

arid open valv^ 5 

and the gas^ or the ^ 
/vacuum of ^e^bjaddep7 for a^pre^etenfriih 
'^■$£0 30' secqnd^^ ip^oSes^ 7; is^per- : 
^ fbrrrfe& ;^ 

' -cbrr^ 'S? is : -o^in^^ihd -^e — 16 

v V-^l6^jse^'' J ^e:'8 : ? is* : rembv^MfrSm^the; yulcariising \ 

As mentioned above, the first heating : pro6ess 
: :^ r ^t4f:k^cm 2 opr^^.^mfnu^s)^ ^6 r ',f ir^yp'r^tinsing'' ]' 

prqbess ^20 ^kg/cirr^ is 
'■' ':*bldwirtg} process : ' : (l ^-rirtiriute)?' thevs^rid^h^ting 

process 
'ysurisi^b^ 

*^jscHar^^ s€fcbrid)^ ; ^ 

jr^^ '** 20 

''prder\m^ntioned;'aB^ ; " ,v ■ 

the pressurising m 
; bja&der^ 

v " the^^s?unrigS m^uiiii^witftfe'h 25 - 

(steSm^ 

formed to assure the secpntJ^ h^ 
which- cbmpens 

from the first Keating process ^{^^ ^ 

shbrt^'fl' :''^^f^r.- • 30 

; to is 

Ser^inat^ w^ at a cure 

state (ECU) of 1 5" percent or less is. that the rubber 
fluidity ^bccurs'in^ ctfHs^psr- 
;cent : or less^as^ srwwri irr R^7. 'Aisoi; it^is most " 35 
effective ^and easiest to ^i^M'-'st»arrir> blowing to 
replace > the ^essurising m ^the heating 

m^iumJ T?ie ^ecOT 

to thW^ ^ the time 

set in advance so as for the tyre temperature to v 40 
rbach a predetermine^ for vul- 

canisation in the - secbncl heating process has 
eiapsed. The temperature level necessary for cure 
is determined in consideration df the critical tem- 
perature of the components of "the tyre and vul- 45 
<&riisation time. ■ 

Fig.3. shows the temperature rise at two points 
A and B of tyres which are vulcanised in accor- 
dance with the method present invention, a 
first comparison method, a second comparison so 
method, and a third comparison method. Point A 
refers to the position in an inner liner of the tyre 
where temperature rises slowest and Point B refers 
to a position in the inner liner where temperature 
rises fastest Curves drawn with broken lines show 55 
the temperature of a tyre according to the present 
invention. Curves drawn with solid lines show the 
temperature of a tyre according to the first com- 



partsbrP rrfe^ \ 
•lines v srvow the tempera^ to 
the second cdmparispn m 

. twb? v dot 7<^^ns : :;;lihes H :sHow • the" A tenrVperatures . of • a 
fyre according to 

In the first comj^sw was 

vheatedf^^ ' 

a Vprei^^ - 6^ 
; - 1 80 :45a rm 

methqdi^ 14. 
; ^ r kg/OT^ a -' 

^prejs^re^ 

corrip^ tieki&fi&t a 

- jjr^su?e;^^ 
j^s^jriis^ 
;rhihut0^VF^ 

■ ^iri fbl^ ; 
: metjfod^ fthird 

■- cx^mp^ ^ip^^ w^ifi^ : f " 

: ■ Fijg;#the 

!^ 

" - cpm^ 

present . method ?^ 

; tiallyS^^sarr^ 
- ;? parisott^meih^ 

-the- pressure in th^bladtf 6r ^ the 
ft^rf^li^ 
tiopv Iftc^ 
J subsfenti^#^ 
water\vulc^islitibn 

tyre: -^v^y ^f^v^:^. ' ' 

By comparing of ■ :trte; prfe^eht^^ 
secohd\ comparison ^m 
c^ife s^n^ 

der^ ;tte hig^ the 
start ' of vu|caHisatibh v ttah ffifesecqnd : comparison 
rftetfe^ 

stanti&ljy the ^ of 
heat) £ to ihe^tyre r as the^secdhd comp^ 
od/ Accordingly, the'preser#^ 
short a vulcanisation time as -trie : second 1 compari- 
son method, and eliminate air trapping and bare- 

■ riess> ;: ; : ;v -- ■ ; - ' . '• :; •" •••• : ' r: - : '-'--. ; 'V ■■■ ' ■ 

By comparing the present method to the third 
corriparison ■ method, the third comparison method 
can be seen t to attain the high bladder pressure in 
the same time frbrri the stiari: of vulc^is^tidh as the 
present rhbthod. ■ However; the third comparison 
method -has a longer vulcanisation time in total due 
to the fact the shortage of heat quantity resulted 
from the tfeating process of the third comparison 
method being perfbrmed for no more than 2 min- 
utes has to be made up for. 

In the present method, as shown in Fig.4, the 
pressure in the bladder lowers to about 13 kg/cm 2 
at a mid time of the vulcanisation process, specifi- 
cally, after the lapse of 15 to 17 minutes from the 
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- r ">start- i- ofv^lcaifiiisation: However; in^hot wator^vul-- 
cahisation using cooling water or other, vulcanisa- 
^ons, the bladder pressure wijlrgenerally. drop to 
such a value, which causes no trouble; , with the 
quality of tyre. Further, this pressure drop can be 

• presented." by making the diameter of the ; pipe for 
steam b^ with 

"• an orifice^ n - - H . •• • 

In the above mentioned methcd of the : present 
invention, the entirety of the mixture of steam 
(hewing; medium) and; nitrogen sgiasn(pi^ssurijsing 

• medium); v or ' ^ entirety vi of - nitrogen gas 
(pressurising- medium) is replaced with ; steam by , 
the steam blowing. ^ ^}^p-y^!\>^?^^ : 

However, there is a case where due to a short 
steam blowing, nitrogen gas (pressurising medium) 
is not entirely replaced with steam : (heating me- 
diums). Also, there is a case where due to the 
existence of a great pressure difference between 
steam and nitrogen gas. the bladder is entirely^ 
filled with bhly nitrogen gas (pressuring medium) 
when changing from the heating process to the 
pressurising process. 

In other words, in a case where a heating 
process is firstly performed/ a pressurising process 
is secondly performed, and another heating pro- 
cess is performed again. It is required that the 
entirety or a part of the pressurising medium, or 
the entirety or a part of the mixture of the heating 
medium and the pressurising medium is replaced 
with the heating medium supplied in the second 
heating process.. Also, it is preferable to increase 
the bladder pressure to the high value promptly. 

In another method of the present invention, as 
shown in Rg.5 and pig. 6, a first pressurising 
process is performed by supplying pressurising 
medium having higher pressure than the heating 
medium. Next, a first process is performed by 
replacing then entirety or a part of the pressurising 
medium with the heating medium after a first steam 
blowing process is performed. 

Thereafter, a second pressurising process is 
performed by supplying the pressurising medium. 
Next, a second heating process is performed by 
replacing the entirety or a part of the pressurising 
medium, or the entirety or a part of a mixture of the 
pressurising medium and the heating medium with 
the heating medium after a second steam blowing 
process is performed. Thereafter, a third pressuris- 
ing process is performed by supplying the pres- 
surising medium to complete vulcaniisation. 

Specifically, the first pressurising process is 
performed at a pressure of 20 kg/cm 2 for 7 min- 
utes. The first steam blowing process is perform d 
for 30 seconds. The first heating process is per- 
formed at a pressure of 14 kg/cm 2 for 4 minutes 30 
second. The second pressurising process is per- 
formed at a pressure of 20 kg/cm 2 for 5 minutes. 



;The>second steam ^b 

for i minute/ the ; second, heating , process; is - per- 
formed at a pressure.14 . } kg/cm 2 \for >r t .-min^-'Jhe 
third pressurising process is performed at a pres- 
5 sure of 20 kg/cm 2 for 26 minutes. The disphargihg 
process is performed for 30 seconds. Finaily, the 
- vacuuming^ 

heating? prpqes^i is;^§wjtehedv to ,the v p^sgrisirig 
70 , process ^ 

. medium ha^ th^^^^witched^ 
medium: ^SQ^t^tf pr^su^ . 
. tp,;^ in r 
the;tyi^;ofc^^ 
is has been ■eliminated, or rubber fluidity ites^ometo 
an end. Thus a lack of thermal input due to the fact 
- ^that ,'^the Jnitial^headn'g pi^ess,,is ;$horJtenec| cairv be ■ 
/• compensated : by /;the :isej^nd>fh^afin9 '.proems. ."Ao*. 
,cprdi^ 
20 j, cahi^on^caffi^ 
canis^n: ; time^^ 

process, is performed =^ aitiigK .pressure.; gamely, 
high pressure vulcanisation isi completed. In other 
words, when the raw rubber is fluid due to the 
25 temperature rise, vulcanisation is executed at a 

, high ;pi^surei : ^ter^4^PI^ °* 
there^is no 

ness, namely when rubbe^^ to an 

end- another heating process is performed again. 

30 ■ Conseque^ be 
formed; ^ perfectly following -:^e ; -mquid^rf^e.' ■ 

< rFhis ^^.|^thoid:^ : :C^V^-P.^v9rrt'- air from being 
trapped in the elastbmeric product or between the 
mould and the product and bareness in the surface 

35 :i portions ;otthe : elasto^ 

' fectly. -. V ; \ \\;..r>\:.'^j;^ - ' \ 

< As r irientipned ^qve 
provide , a shortened vulcanisation, time. Accord- 
ingly, the present invention makes it : possible to 

40 eliminate air trapping and bareness troubles and 
also eliminate under cure trouble. Thus, the present 
invention can produce an elastbmeric product hav- 
ing a higher quality with a reduced cost 

In the first method of the present invention, two 

45 heating processes and two pressurising processes 
are performed. In the second method, two heating 
processes and three pressurising processes are 
performed. However, it should be noted that the 
number of heating processes are pressurising pro- 

50 cesses is not limited in the above-mentioned first 
and second methods. Also, it should be noted that 
the time of each process is not limited in th 
abovermentioned first and second methods. 

Although the present invention has been fully 

55 described by way of method with reference to the 
accompanying drawings, it is to be understood that 
various changes and modifications will be apparent 
to those skilled in the art Therefore, unless other- 
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the scbpe of th£ * invention ; they sftbuJd be "cbn- 
stni<kf as being inbludea* 'therein:- ' v " 

Claims; V-'- ' -- r, \ v ru... ,<--.. 

1 J -A method fpr^l(^isfng^#i:^ ei^om^ric r prod- 
^ : ^ucS^ piacSiSl in a vulcanising me^s character- 

j^.-'iz^VbyJ^Ae, ^p^bf^su 
1 ;y; toStifetel^o 
4 v ;supp|yiri^ 

5^ 

" the heating/me^ the 
r / "twdy^ps; are\|feifo™^ at 

b^SU^ 

\ ela^o^ 
^ i^m&Bium^ 

the ; he^n^^^iui# 

urt/fij^^sup^ 

. 3. mfethod 

:i ;in :^^^- : .$B!D^^^tep te'^rtoiMed ^Hot the 
^ rubber 

product is ; 3till fluid; 1 : V , " : ; 

41 A metlfed ; ^ce^ing : to ^cl&rri '^2f characterized : 
iritha^ 
is^fiighfcr^ 
; the^econd step: ; 
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A 'A" method according to i clairnsiB; characterised 
in thatthe second step;V the pressurisi 
- v - : dium Jsv ihigher^in pressure^thah cthe cheating 

medium; : \< './^il^ - 

10. A method according ; to ' Claim 8 wherein in * the 

• :::s^6nd^^ep^^ 
tuted for the all of or a p^irt of the pressurising 

.r'Smedium;^^ - 

>i$:tj^ 

stitufed for all; of or a part of ^ the • pressurising, 
or all of or a part df a mixture-b^^^ 
V. ^dr the/heati^^ ,' : ■ 
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5- A method according to claim 1 2 characterized- 35 
in thm the third ^ 

^isbHa^^% from 

*• eias^mbiric \pitkluct\.£uridvth& mould or rubber 
fluidity fta^s tefte to ^ erid^ ' : ' ' ' V V 

6- A method according to claim 2, 3, 4, and 5 
characterized in that the third step; the heating 
medium is substituted for the all of or part of 
the pressurising medium, or the whole of or a 
part of a mixture of the heating medium and 45 
the pre^urising medium. 

7. A method according to claim 2; ; 3, 4, 5 or 6 
characterized in that the fourth step is per- 
formed when the thermal value necessary for so 
vulcanisation of the product has been attained. 

8- A method according to any of claims 1 to 7 
characterized by before first supplying the 
heating medium to the elastdmeric product; 55 
supplying pressurising medium to the 
elastomeric product; 
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